Purpose The purpose of this study was to show that this two-stage procedure for ACL (anterior cruciate ligament) revision surgery could be straight-forward and provide satisfactory clinical and functional outcomes.
Introduction
Primary reconstruction of the anterior cruciate ligament (ACL) is successful in 75-93 % of patients [1] [2] [3] . Tunnel placement, graft type, loss of motion, arthrofibrosis, dysfunction of the extensor mechanism, arthritis, infection, neurovascular injury, and cyclops lesion are the main causes of failure of ACL reconstructions [4] [5] [6] . Many procedures have been used in ACL revision surgery, but the best management is still unknown. One-stage procedures without removing femoral fixation may be made when tunnels are inadequately located. On the other hand, when the position is correct, the graft and the fixation hardware should be removed and residual bone defects should be filled before performing another ACL reconstruction. We propose a twostage ACL revision procedure. Specifically, we first perform an operation to remove femoral fixation and fill the defect using autologus bone grafts (OATS tube harvester grafting; Arthrex, Naples, FL) and then, once the bone implant has been healed, we reconstruct the ACL.
We report clinical, functional and imaging outcomes of 30 consecutive patients undergoing this two-stage procedure at five years from the index surgery. The hypothesis is that this approach could restore stability of the knee, and encourage return to pre-injury activity.
Materials and methods

Patient population
This is a retrospective analysis of prospectively collected clinical and functional data of 30 patients (19 men and 11 women) undergoing ACL revision surgery, operated on from January 2002 to April 2006.
The study was approved by the local Institutional Review Board (IRB).
Inclusion criteria were post-traumatic knee instability and functional impairment in patients undergoing previous bone-patellar-tendon-bone ACL reconstruction. Patients with severe radiographic degenerative changes (joint space narrowing greater than 50 %), multi-ligament injury (posterior cruciate ligament, lateral and medial collateral ligaments), lower extremity fractures, cardiovascular disease, workers' compensation claims or psychiatric illness were excluded (Fig. 1) .
Preoperative assessment
The senior author (F.F.) assessed all the patients. Lachman and pivot-shift tests were positive in all instances, and KT-1000 side-to-side difference (30 lb) was also evident. MRI confirmed the ACL rupture in all the patients. Weight bearing anteroposterior (AP) and 30°flexion lateral radiographs were made to exclude fractures, for assessment of joint degeneration and varus-valgus misalignment. Before surgery, each patient underwent rehabilitation to gain a full range of motion of the knee, and keep the volume of the quadriceps adequate.
Surgical technique
All surgical procedures were performed under regional anaesthesia, with the patient supine, using a standard set-up. After exsanguination, a thigh tourniquet was inflated to 280 mmHg, and a 50-mmHg arthroscopic pump was used for irrigation. The mean tourniquet time was 69 min (range, 40-114). The mean time from failure to revision was 6.8 months (range, 4-9 months). A two-stage revision procedure was performed in all patients within three months from the diagnosis of ACL failure.
First stage procedure
The first arthroscopy allowed the surgeon to ascertain the femoral tunnel position and bony defect size. With the Lost to follow-up (n=0) Fig. 1 Process of inclusion of patients arthroscope in the antero-lateral portal, both the tibial and femoral tunnels were identified. After the head of each interference screw had been exposed, a screwdriver was introduced to remove the screw. If the screws were stripped, osteotomes or hollow drills were used. After the soft tissues were debrided and the tunnel entrance exposed, a gauge tool device was used to measure the diameter of the defect and measure the size of the bone plug. Tunnel dilators were then introduced to provide impaction of the bone and ensure a round hole. To harvest the bone graft, the patellar tendon was split in line with its fibres, one centimetre from its medial edge, allowing access to the safe zone on the anterior tibial metaphysis [7] . This site is located between the anterior roots of both the menisci, anterior to the insertion of the ACL to the tibia. The zone is not weight-bearing and is free from meniscal or cruciate ligament attachments. A bone plug was harvested from the safe zone of the tibia using an OATS tube harvester (Arthrex, Naples, FL), this plug was inserted arthroscopically into the defect using the same OATS harvester (press-fit technique). Cartilage lesions were encountered in 12 patients, all with grade 1-2 lesions according to the Outerbridge classification [8] . The site of chondral injury in six of 12 patients was located in the medial femoral condyle, in four of 12 patients in the lateral femoral condyle and in two patients at the patella surface. All these patients underwent shaving and debridement of the cartilage lesions. Medial and lateral partial arthroscopic meniscectomies were performed in ten and eight patients, respectively.
Second stage procedure
After a minimum interval of three months from the first procedure, a routine ACL reconstruction with autologous hamstring tendons was performed [9] . A traditional transtibial technique was undertaken [10, 11] . The new ligament was fixed to the tibia by a metallic screw (Arthrex BioComposite Interference Screw) and to the femur by a bioabsorbable screw.
We did not refer to the diameter size and dilatation threshold of the tunnel as criteria for revision surgery, but we assessed only the arthroscopic position of the original femoral tunnel.
Rehabilitation program
After the first operation, all patients were allowed to weight bear on the operated leg as tolerated using elbow crutches. After ACL reconstruction, postoperative rehabilitation was in line with that previously described [12, 13] . Briefly, the knee was immobilised in a 0°locked brace. Patients were allowed home the day after surgery, and allowed to weight bear as much as they were able on the operated leg using elbow crutches. At four weeks, the brace was removed. Running was allowed at three months, and return to sports at six months. They were then followed up at three-month intervals and discharged at 24 months after the operation.
Follow up
For the purpose of this study, patients were assessed at three months from the first stage procedure, and at three, 12 months, and five years from the second stage operation. All examinations were performed by a single trained examiner (A.D.B.) not involved in the surgery. Symptoms, signs and functional evaluation were assessed according to the IKDC form, Lysholm score and mean arthrometer 30-lb KT-1000 side-to-side difference. Donor-site discomfort was also evaluated using the knee-walking test [9] . For each patient, the outcomes relative to the latest available follow up were reported and compared to preoperative status.
Imaging assessment
Pre-operatively, ACL failure and position of previous tunnel were assessed on MRI scans in all the patients. Three months after the first procedure, tunnel state, bony plug placement, and bony defect filling were assessed by computer tomography (CT). Preoperatively and at a minimum follow up of five years (average 6.7, range five to nine years) from the revision, standard antero-posterior and lateral radiographs were undertaken to assess joint degeneration according to the Fairbank classification [10] . The insertion of the ACL to the femoral side was assessed according to the quadrant technique described by Bernard and Hertel [11] . This method defines the centre of the insertion site to the femur on conventional lateral radiographs. Four distances were measured: the total sagittal diameter of the lateral condyle measured along Blumensaat's line (distance t), maximum intercondylar notch height (distance h), distance from the centre of the ACL to the most dorsal subchondral contour of the lateral femoral condyle (distance a), and the distance from the centre of the graft to the Blumensaat's line (distance b). Since the length of distance a was considered as a partial distance of t and the length of distance b as a partial distance of h, they were expressed as percentages of t and h.
Statistical analysis
Unpaired t-tests and chi-square tests were used for comparison of pre-and postoperative continuous and categorical data, respectively. Univariate analysis of variance (ANOVA) was used to assess for significant changes in the arthrometer 30-lb KT-1000 side-to-side difference measures. The Pearson test was used to assess the correlation between osteoarthritis and the outcomes reported at the last follow up (Lysholm scores and KT laxity). Odds ratios were calculated to investigate whether the meniscectomy and cartilage lesions may predispose to develop degenerative changes. SPSS version 17.0 (SPSS, Chicago, IL, USA) was used to analyse the data. In all analyses, P< 0.05 indicated a statistically significant difference.
Results
The left knee was involved in 14 patients, the right in 16. Patients features are reported in Table 1 , and mechanism of injury is detailed in Table 2 .
At first surgery, the diameter of the bony defect averaged 10.4 mm (range, 8-11 mm), the average length measured 26.4 mm (range, 20-30 mm). We harvested bone plugs 1 mm larger and 1.5 mm longer than the tunnel size.
Clinical evaluation
At the last follow up IKDC scores were significantly improved compared to the baseline (Table 3) . On clinical assessment, 27 of 30 patients (90 %) had less than 5°difference (normal IKDC rating) of flexion, and three (10 %) had a difference from 5°to 15°(nearly normal). Twenty-six of 30 (86.7 %) patients had full extension, and four (13.3 %) patients had lost more than 5°of extension (nearly normal). Twenty-four of 30 (80 %) patients were able to hop 90-100 % (grade A) compared to the uninjured side, and six of 30 (20 %) patients hopped from 50 to 90 % compared to the contra-lateral limb.
At the last follow up, the KT-1000 side-to-side difference, Lachman and pivot-shift measures were also significantly improved compared to the results observed preoperatively (P < 0.001) ( Table 3 ). The overall Lysholm score was also significantly higher than preoperatively (p < 0.001) ( Table 3 ). The subgroup of patients who had received additional meniscectomy had significantly lower Lysholm scores than the others (p= 0.002). Comparable results were observed in patients with and without cartilage lesions (p=0.97).
At the last follow up, 20 of 30 patients (66.7 %) had returned to the preoperative sport activity level (nine elite athletes, 11 county level), seven had changed to lower non-impact sports, and three had given up any sport activity. All patients were able to undertake the knee walking test without any pain.
Imaging results
Three months after the first procedure, CT scans showed complete integration of the bone plug into the tunnel. condyle and of 20 % (range 15-23 %) along the Blumensaat's line.
Complications
Five patients reported hypoaesthesia and numbness over the anterior medial aspect of the tibia, but only one patient still had an area of hypoesthesia at the final follow up, with no inconvenience. Eight patients reported joint stiffness, but all of them recovered after physiotherapy. None of patients reported fracture, re-ruptures, vascular complication, or infection.
Discussion
The main finding of this study was that this two-stage ACL revision procedure provides satisfying clinical and functional outcomes after a minimum of five years from the index surgery. The first stage procedure was undertaken to remove the ACL graft and fixation devices and to fill the femoral tunnel with a bone auto-graft harvested from a safe zone of the knee. Later, when the graft was healed, the ACL was reconstructed using ipsilateral quadrupled hamstrings. We acknowledge that single stage ACL revision procedures are also effective [13] , but the reason for our approach was that all patients reported a post-traumatic ACL re-rupture, and we attempted to restore the integrity of the femoral condyle before performing a revision procedure. After removal of hardware we found a large hole (defect) in the femur that we supposed to be large enough to compromise any ACL revision procedure. Bone auto and allograft may be used. Iliac crest autografts are at lower risk of infection and provide better osteointegration than allografts [14] , but some pain may persist at the donor site. We harvested a large bone plug from the proximal tibial metaphysis in a load-bearing free zone commonly used as entry point when performing intramedullary tibial nailing fixation [3, 7] . The harvest is relatively safe because of the low risk of damage to the knee [15, 16] . The purpose of implanting the graft is to restore the anatomy and structural integrity of the bone. We now point out that some failures and re-ruptures may occur after ACL surgery because of weakening and micro-fracturing of the bone, and we propose that a previous tunnel would compromise the integrity of a new reconstruction, and predispose to bone disruption. This justifies the first stage of the procedure, which aims to fill a large defect in the lateral femoral condyle [3] . We acknowledge that a threemonth interval period may not be long enough to ensure bone healing, but all patients presented satisfying graft integration to the bone on CT imaging assessment. We used autologous hamstring tendon graft. These tendons provide good stability and strength [13] , with evidence on MRI scans of tendon regeneration and almost normal insertion point on the pes anserinum six years after surgery. When comparing the operated and contralateral sides, even though cross sectional areas are similar, some strength deficits may persist, but the actual clinical impact of this is unknown [17] . On the other hand, the contralateral patellar tendon was not used to avoid the risk of patellar bone fracture and patellar tendon rupture [18] .
We performed a single bundle ACL revision in which the femoral tunnel was drilled through a transtibial approach. The radiographic assessment by Bernard and Hertel of the ACL position showed that the ligament was relatively high and vertical. We now drill the femoral tunnel through an anteromedial portal to achieve a lower, more horizontal and, hence, more anatomical position of the ACL [19, 20] . However, the clinical relevance of this is still the subject of debate; at present, none of these procedures fully restores both kinematics and biomechanics of the knee [21] . Almost all the patients had gained good stability and good to excellent clinical and functional outcomes, better than those reported in previous studies. When asked about sport activity, almost all of them had returned to the same sport activity level they practised before the injury. On the other hand, 11 of 30 patients had evidence of degenerative changes to the knee. In agreement with published data [22] [23] [24] , all these patients had undergone secondary operations to cartilage and menisci, and reported significantly lower results.
The strength of the study is that a fully trained orthopaedic surgeon operated on all patients, and an independent investigator performed all clinical and functional examinations. Postoperative management was uniform throughout the study, and all patients were enrolled according to strict selection criteria (traumatic re-rupture) and were followed up for a minimum of five years from the index revision procedure.
The indications for two-stage revision procedures have narrowed in recent years. Shortcomings are additional costs, morbidity related to two separate operations, and the prolonged rehabilitation period, but we now stress that, in the presence of anatomical or near anatomical tunnels, this two stage procedure could be a suitable alternative. We are aware that the evidence given for assessing postsurgical outcomes is not as strong as that produced by a randomised controlled trial. The study design, namely, a prospective case series, may present selection bias. The relatively small sample size of the study does not allow us to draw definitive conclusions. Without comparing this approach with an alternative, we cannot conclude that our outcomes arise from staging, bone graft choice, ACL graft choice, technique (anatomic single bundle ACL reconstruction), or other factors.
Conclusions
This two-stage procedure is safe and effective in this relatively small sample.
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